ABSTRACT. We survey spiders from 43 families, 62 genera, and three arachnid outgroups for the presence and diversity of elongated pedicillate setae (EPS)-a complex system of probably sensory setae hitherto undocumented outside Theridiidae. Although not present in all spiders, these setae are sufficiently widespread to suggest they are primitively present in the order. Because they are absent in related arachnids, they appear to be a synapomorphy of spiders. Based on the morphology and orientation of these setae, it has been suggested that they supplement abdominal slit sensilla in proprioception, documenting the position and movement of the abdomen relative to the cephalothorax. Although still poorly known, the presence and distribution of these setae are informative at lower and higher phylogenetic levels.
Spiders are typically setose and many of the setae, especially on the appendages, are sensory (Seyfarth 1985; Barth 2001) . However, the distribution and function of the many different kinds of setae on spider bodies are poorly known. Morphological, behavioral, histological, and neurobiological research are all necessary to understand setal distribution, function, and to establish interspecific homologies. Morphology can document apparently different types of setae and their distribution on individuals as well as across species. It can also infer function from their detailed structure, distribution, and orientation. Agnarsson (2004) documented the distribution of distinct elongated setae around the pedicel on abdomens of theridiid spiders. The distribution of these setae was phylogenetically informative. They surround the pedicel and are juxtaposed to the cephalothorax so that abdominal movement is likely to cause flexion, which may, in turn, signal the relative positions of the abdomen and cephalothorax. He proposed the name ''suprapedicillate proprioceptive setae:'' proprioception (or proprioreception) is the perception of the body's position and movement including physical displacement and any changes in tension, or force within the body (e.g., Seyfarth & Pflü gler 1984; Seyfarth 1985; Seyfarth et al. 1985) .
The proprioceptive hypothesis was based on the morphological, not behavioral, histological, and neurobiological evidence. Here we use a more neutral term, elongated pedicillate setae (EPS) although we hope that the hypothesis of proprioceptive function will be tested in future studies. Agnarsson's (2004) survey was limited to theridiids and a few outgroups and his discussion focused mainly on their phylogenetic utility within theridiids. Here we document the distribution of EPS and their potential as characters for higher level phylogenetic studies from a broader survey of spider families.
METHODS
Sixty-nine taxa were selected to span the order Araneae and closely related outgroups (many additional species, especially theridiids, were surveyed by Agnarsson 2004) . Taxon representation was biased, however, towards Orbiculariae, and Theridiidae by the authors' specialties. Given sufficient specimens, the abdomens were critical point dried, glued to a rivet, and sputter coated with Au/Pd. Scanning electron micrographs were taken of the area around the pedicel from a standard view (normal to the pedicel axis) and other angles when deemed useful. At this rudimentary stage of knowledge, homology of individual setae or setal groups remains ambiguous, so we simply divided the pedicel area into six (paired) sectors, and tabulated the presence and number of EPS in each (Fig. 1) . Two people independently scored presence/absence of EPS in each SEM photograph; if any disagreement occurred between the two the taxon in question was scored as ''uncertain.'' Among Araneae outgroups where EPS seem to be completely absent, presence or absence was verified under a dissecting microscope. For rare taxa (e.g., Liphistius) we did not score their distribution because standard view photographs were not available.
RESULTS
The phylogenetic distribution of EPS is given in Table 1 and Figure 2 . Three arachnid orders, Amblypygi, Uropygi, and Palpigradi share a narrow pedicel with Araneae, but the pro/ opisthosoma connection in spiders is especially flexible, probably to promote mobility of the spinnerets. Amblypygids, uropygids, and schizomids apparently lack EPS. EPS appear to be present in all major spider lineages (Mesothelae, Mygalomorphae, and Araneomorphae). Many of the examined taxa had at least one pair of proprioceptive setae (Figs. 2-36, Table 1).
The distinctiveness of EPS varies widely across spiders. In some taxa, including nearly all examined orbicularians, EPS are easily distinguished from other abdominal setae by the morphology of the robust socket (Fig. 8) and shaft, which is unusually long, slender, and smooth (Figs. 3-36) . Their number and position are therefore fairly easy to score . In Deinopis and some non-orbicularians the EPS can be distinguished because they are mostly smooth, in contrast to the otherwise serrate or plumose (feathery) abdominal setae ( Fig. 30-36 ). In many other cases, however, the distinction between proprioceptive and other abdominal setae was not clear, and the two scorers often disagreed, usually on their position or number rather than presence or absence. Taxa in which even the existence of EPS was unclear are labeled with parentheses as ''uncertain'' in Table 1 . Given these doubts, for consistency Table 1 indicates only the presence and relative abundance, rather than counts, of EPS in each sector.
Dividing the pedicel region into six radial sectors is purely heuristic. To reify these ''sectors'' by treating them as biologically meaningful would be a mistake. With that in mind, one can nevertheless use the sector notation simply as a vocabulary to speculate about patterns. Whether uncertainties are counted as presences or absences, the same ten patterns occur: 1-2, 1-2-3, 1-3, 2-3, 2, 3, 3-4, 2-3-4, 1-2-3-4, and 1-2-3-4-5. This is nearly half of the 26 ways 5 digits may be combined. More fundamentally, the two evident axes of variation are extension (some taxa have a more extensive ring of EPS than others), and position (relatively dorsal or ventral). No strongly disjunct groups of setae were observed, e.g. 1-4, 1-5, 2-6, etc. Given the sparse sample, such diversity is not encouraging, but within families the variation may be more regular and informative, as was the case with Theridiidae (Agnarsson 2004 (Agnarsson , 2006 .
DISCUSSION
At this point it seems that EPS is a synapomorphy of spiders and evolved in their common ancestor co-extensively with the increased flexibility of the prosoma-opisthosomal articulation. This supports Agnarsson's (2004) hy- AGNARSSON ET AL.-SPIDER PEDICILLATE SETAE pothesis that EPS supplement the slit sensilla that also detect the relative position of the abdomen (Juberthie & Lopez 1994; Foelix 1996) . Similarly, sensory setae at leg joints detect flexion when the setae press against adjacent body parts or the substrate and signal the movement and relative position of segments (Seyfarth 1985; Barth 2001) , however, sensory setae on the abdomen are much less well known. Foelix (1979) may have been the first to speculate that particular abdominal setae were proprioceptive in spiders, but he did so only in a brief figure legend illustrating stridulation in Argyrodes (fig. 193 , p. 270), and without further discussion. Juberthie & Lopez (1994) also described stridulation in male Argyrodes (also present in other male theridiids) in which modified and distinctly raised setal bases on the abdomen rub against grooves on the cephalothorax. They suggested that the setae that arise from these bases were proprioceptive. This remains to be confirmed, but it seems unlikely that setal proprioception, unlike stridulation, would be sexually dimor- phic. Regardless, evidence beyond morphology is needed to test the hypothesis of proprioceptive function.
Given the phylogeny of Figure 2 , basal araneomorphs (Hypochilus and Austrochilus) both have EPS in the relatively dorsal sectors 1 and 2. If present in haplogynes, they also tend to occupy sector 1, sometimes 2, and in Scytodes also 3. True palpimanoids, thus far, lack EPS. Non-orbicularian Entelegynae fre- quently lack EPS and such presumably secondary losses may be informative. The 1-2-3 pattern is most frequent. Among orbicularians (treating Mimetus and Textricella as such), relatively basal orbicularians (deinopoids, araneids, nephilids, tetragnathids, symphytognathoids) tend to be 2-3 (also Mimetus), which may simply be the plesiomorphic 1-2 pattern displaced ventrally. Sheet-web weavers (Linyphiidae, Pimoidae, Synotaxidae, Cyatholipidae, Nesticidae, and Theridiidae) tend to have relatively more, and more ventral, EPS, e.g., 1-2-3-4 or 2-3-4.
None of these patterns may hold up. Observer error, especially in non-orbicularians, is probable. To confirm (or reject) the patterns reported here, verifying the presence of EPS in Liphistius and Mygalomorphae, and their absence in non-spider arachnids is a priority. However, proprioception at the pro/opisthosomal connection is a priori likely (see Lopez & Juberthie 1996) , and certainly its mechanism (EPS, slit sensilla, joint receptors) should be mapped and understood neurobiologically.
Several spider taxa seem to lack EPS ( Fig. 37-44 ), although perhaps they are simply indistinguishable from normal abdominal setae, or greatly modified. In Pardosa sp. and Gnaphosa parvula Banks 1896 a brush of strong setae is located in sectors 1-2. These differ from typical proprioceptive setae in being stout and serrate, but they may be proprioceptive. Taxa without EPS probably indicate independent secondary losses of this sensory system rather than independent origins. Although patterns related to lifestyle in Table 1 appear weak, spiders do vary in the flexibility of their abdomens (aerial web spiders probably flex their abdomens more, and more precisely), and the patterns discussed above may reflect such differences.
In Theridiidae, EPS distribution defined generic and suprageneric taxa (Agnarsson 2004) . Although the taxon sample here is quite sparse, intraspecific (Figs. 10, 11 ) and intrageneric variation seem low (Figs. 6-11) (see also Agnarsson 2004, characters 163-164; Agnarsson 2006, character 110) . Related genera differ in the position and number of EPS. Argyrodes has one pair of EPS in sectors 1 and 2 (or 3), Rhomphaea has one pair in sector 1 and three pairs in sectors 2-3, and Ariamnes has one pair in sector 1 and at least six in sectors 2-3 (Figs. 12-15; generic patterns confirmed in an additional species of each genus, pers. obs.).
In summary, this is the first survey of a poorly known but complex, probably sensory system in spiders-elongated pedicillate setaethat appears to be a spider synapomorphy and useful for generic diagnoses and suprageneric phylogenetic reconstruction. The function of these setae should be investigated neurologically and behaviorally, and their patterns investigated among spiders and their relatives.
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